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A comprehensive scheme for the simulation of interpersonal
behavior in small groups has been outlined by Bales, Couch,
and Stone in their description of the "Interaction Simu-
lator" (Bales, Couch and Stone, 19615, The process of
simulation would begin after a set of subjects are given

a battery of personality and performance tests. Before
they come together for a group discussion, the ideal
computer simulation would indicate which subject will
choose each of the seats around the table, to whom each
will speak and in what order, and how the problem solving
will proceed as the group reaches one or more decisions.
This simulation would then be compared with the outcame

of the actual group discussion. So far relatively little
of this scheme has been programmed for the computer
although Bales, Couch, Stone and others have been able

to generate theories and methods which bring the task

much closer to realization than when it was first

proposed (See Bales, 1968, Couch, 1960, Stone et al,
1966. )

The present simulation models are concerned with only
one aspect of the more general problem, namely the

process by which group members pool opinions to form
a grouprjudgemént. These models, which poée different

methods of averaging individual judgements, are based
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on earlier models which used some of the same data to
test the simulations (Hare, 1961, Hare and Richardson,
1966). In addition to the data from groups composed of
American college studen® used to test the previous
simulatiohs, new data have been obtained from groups of
Austrian college students solving a set of similar pro-

blems.

The process to be simulated

The process to be simulated is the formation of a group
opinion about a subject, once individual members have
formed opinions about the same subject. Since several
pre-computer studies of group decisions have indicated
that the "pooling" of individual opinions may represent
accurately the results of group discussion, it is
expected that this process will involve some form of

averaging such as taking the mean, median, or mode.

The group to be simulated is a five-man laboratory
discussion group of American and Austrian college undexr-
graduates. They are seated at a table with three members
along one side, one at each end, and the fourth side

open towards the experimenter who records the interaction
rate for each member and mbnitors the task. The task is
described in some detail in a previous article (Hare,
1961). In brief it consists of giving each of the

group members a question from a questionnaire concerned

with valueorientations, together with the answer given
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by an "unknown subject“? The group members are told to
pool their information about the unknown subject and then
predict his answers to a set of ten or more guestions.
After each prediction the unknown subject%s actual answer
is revealed and is discussed by the group before the
members make their next prediction. Before each trial the

group members record their individual predicti.ns.

Three models of group decisions

The first model for group decisions assumed that group
members took an average of their individual opinions and
that this average was best represented by the mean
(Hare, 1961). The computer program began with the five
individual predictions as inputs. The group decision was
simulated by taking the mean of the five predictions.

The predictions for the American groups werde made on a

seven point scale where -3 represented "strongly disagree"”,

+ 3 represented "strongly agree", and 0 represented no
opinion. Since group members were required to give some
opinion, the computer program provided for an alternative
in the case where the mean of the five opinions was

actually zero. First the program checked the response set

of the unknown subject and recorded an answer of

"slightly agree" or "slightly disagree" depending upon
his tendency to favor responses on the agree or disagree

side of the scale. If the response set was also zero,




the program determined whether the majority of the group
members thought that the unknown subject would answer on
the agree side or the disagree side of the scale.: An
answer would be recorded that was in line with the majority

opinian.

The members of the Austrian groups used a five point

scale in giving their opinions, ranging from "Entschieden
ja"™ through "Unentschieden" to "Entschieden nein". In this
case the "undecided" category was allowed so that it was
not necessary to use the response set and majority opinion

routines to avoid the mid-point on the scale.

The second model used the mean of the individual opinions
as the best estimate of the group decision, but this time
mgmbers' opinions were given different weights according
to their position in the communication network, their
interaction weight, or their success with the task.
Simulated group members also "learned" more about the
unknown subject as the trials progressed by considering
the extent to which he had been opinionated in his answers.
The routines which simulate the effects of task success

and learning, were primarily the work of Richardson.

The following aspects of member performance and subject
behavior were incorporated into the program: absoclute
accuracy and relative accuracy of a member's predictions,
and opinionatedness and response set of the subject's

ansSwers.,
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Absolute_accuracy of members:

It was expected that the members of the group who were
successful in predicting the unknown subject's responses
on previous trials would have more influence in the
discussion in subsequent trials. Also, the successful
members would less readily change their opinions in order
to conform to the existing group consensus, for they have
achieved a certain amount of security in the group during
previous trials and thus are more in a position to lead
rather than to follow. In order to simulate this process,
the "weights" of the successful members were increased

for the subsequent trials.

It was also expected that the unsuccessful members would have
less influence over the group and would more readily change
their opinions to conform to the group consensus. This was
simulated by decreasing the "weights" of the members of the
group whose individual predictions differed greatly from

the unknown subject's responses on the previous trials.

Relative accuracy of members:

The weights of the membeis were also changed according

to the success of the members relative to the group.

Thus, the weights were increased for those members who were
more accurate than the group decision in predicting the
unknown subject's responses. The weights were decreased for
those members who were unsuccessful relative to the group's

decision.




Uncertain vs. opinignated subjects:

As the groups were observed makiﬁgaCﬁUél decisions, it was
apparent that the members often too.. into account whether

or not the unknown subject tended to be uncertain or
opiniometed in his responses. If a group was fryihg to
decide between a prediction of "strongly agree" or "agree”,
they would often choose the "strongly agree” response if

the unknown subject's responses had tended to be in the
"strongly® opinionated areas. In a similar way the group
would have less tendency to choose the "strongly agree" or
"strongly disagree" reponses if the unknown subject's response
had tended to be in the "slightly" or uncertain areas. To
simulate this learning process, the probability of the group
decision falling into the "strongly” or "shightly" areas was
increased or decreased according to the trend of the unknown

subject's responses toward opinionatedness or uncertainty.

This learning process was also used to combat the tendency
of "pooling" methods to arrive at decisions which cluster
around the mean, or uncertain area. If an individual has
learned in previous trials that the unknown subject has
tended to be rather opinicnated, he is more likely to have
an individual prediction of either "strongly agree" or

"strongly disagree" on succeeding trials.




For a given item on the value-orientation test this

member may not be abl® to decide, before the group decision
takes place, whether the true response will be in the agree
or disagree categories. He may think that the true response
is probably either "strongly agree™ or "strongly disagree.
Since he must make a decision he decides to guess "strongly
disagree”. However, if the others in the group feel that the
true response is at the "agree" gng of the scale, he will be
more likely to go along with a group decision of "strongly
agree” rather than "slightly agree"™, even though a group
decision of "strongly agree" is furthest away from his

original prediction.

Response set of subiject:

As in the first model, the response set of the unknown
subject was used for the American groups whenever the
poocling of individual opinions indicated that the graup

had "no opinion" for a given trial. The limits of the "no
opinion" area were determined empirically in model two

and were only one-fifth as wide as those used in model ane.
In other respects the use of the response set was the same
as before. When the response set was neither positive nor
negative, the simulated group decision was taken to be in

the direction of the majority opinion for that trial.
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in adapting this program to the five point scale used by the
Austrian groups the routines used to deal with group guesses
of "no opinion" were again eliminated since the "undecided"
éategory was allowed. An additional modification in the
simulation which had not been tried before with any of the
groups was to change the limits used to determine which of
the possible answers the mean was assumed to represent.

This was done to increase the probability of giving a
simulated group prediction in the "egree" or "disagree"
categories for the American groups (i.e., answers of +2 or
-2) and increasing the probability of simulating the most

extreem categories for the Austria groups.

Using the second model the accuracy of the simulation was
compared fpr all groups with and without "learning" for

each of the following conditions: all group members' opinions
given the same weight, members given weights acco;dinglfo
their total interaction during the session, and members
weighted according to total interaction using the wider

3)

limits for predicting extreem answers.

The third model, which was developed in Vienna, assumes
that the majority opinion or the median is the best predictor
of group decisions. In the case of a five man group, a

majority of three also contains the median.




The decision to use the median grew out of a discussion
between Hare and Scheiblechner as they attempted to find
the reasons why the previous simulations failed to predict
more of the group decisions. Hare proposed using the
majority opinion and Scheiblechner the median. The program
written by Hare is actually the one used in the third model.
It begins finding a majority of three when there is one for
each trial. However when there is no majority the median

is used. In a few cases, in the American groups, where the
lack of a recorded opinion for some individuals would
place the median in the "no opinions"category, a majority
of two is used. Using this model in a five man group it is
never necessary to use any of the "learning" features of
model two, nor do the "weights" assigned the subjects

make any difference,

Sources of data

The groups used to test the simulations come from three
sources: Havard, Haverford and Villanova, and Vienna.
The twenty five-man groups at Harvard were obhserved as
part of an experiment conducted by Churchill (1961).

The five Haverford and Villanova groups were ocbserved by
Hare and Richardson, and the six Austrian groups were
observed at the Institute for Advarced Study in Vienna

by Scheiblechner,A)
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In the majority of the groups the subjects were male

undergraduates.

The data far the American groups consist of the individual
predictions of the unknown subject's responses to the
Bales-Couch Value Profile (1960), the group decisions,

and the actual responses of the unknown subjects. Two
unknown subjects were used, one an actual "unpredictable”
graduate student for the Havard groups, and the other a
fabricated "predictable man" for the Haverford and

Villanova groups.

The data for the Austrian groups are similar with the
substitution of a values test, in German, developed by
Reichardt, Prof. of Sociology, Head of the Institute

of Sociology, University of Vienna. Here a fabricated
unknown subject was used who turned out to be relatively

unpredictable.

In both countries the individuals' total interaction

rates for the entire session and seating positions were
recorded. Each five man group completed roughly ten trials.
The Havard experiment was conducted in a small group
laboratory using an observation mirror and the other

groups were observed in classrooms.
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The computer programs

The program for model one was written in machine language
for the IBM 650. For model two the program was first written
in SPS for an IBM 1620 and then translated to FORTRAN. Model
three programs and adaptations of earlier programs were done
in FORTRAN and rund on an IBM 1620 Mark II. None of the

programs requires a very elaborate computer.

As described above, the basic method of simulating a group's
decision in Hare's first (p.1) model was to take the un-
weighted mean of the individual opinions. For model two,
various weights which reflected interaction rate or seating
position were used as the "starting weights", i.e., the
weights used for the first trial before any learning process
had taken place. For interaction rate we predicted that
those who talked the most would have the most influence

and for seating position, those in seats 1 and 5 at the

ends of the table, and 3 in the center of the side facing

the experimenter.

Also in model two routines were added to test the hypotheses
concerhing the relative influence of successful members and
the learning process. The weights for the individuals were
increased (or decreased) by a certain percentage, depending
upon the individual's success (or failure), both absolutely
and relatively, on the preceeding trial. With the addition
of new information about the unknown subject's actual

response for each trial the proba'ilities for opionionated
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or uncertain opinions being given as the group predictions
were change.’. For model three the mode, or median if there

was no mode, was selected without the "learning" routines.

Results

The results for the various simulations with the 179
trials of the Harvard groups are given in Table 1, for the
68 trials of the combined Haverford and Villanova groups
in Table 2, and for the total of 247 trials with the
American sample in Table 3. The data for the 60 trials in
the Austrian sample which used a different value test and

a narrower range of permitted responses are given in Table 4.




Table 1

HARVARD GROUPS
SIMULATION OF GROUP DECISIONS

(20 GROUPS, 179 TRIALS)

SIMULATION TYPE | DIFFERENCE BETWEEN SIMULATION AND
ACTION GROUP DECISION
0 R 3 | ToTAl

MEAN: No Learning 105 57 15 2 179
Unit Weights

' Learning 114 45 18 2
MEAN: No Learning 104 52 19 4

ttin ; :
Seating Weights Learning 118 39 17 5
MEAN: No Learning 113 49 15 2
Interaction
Weights Learning 19 | 42 14 4
MEAN: No Learning 119 47 10 3
Wide Cutting |
Points . +)
(Int.WTS) Learning 125 35 13 6
MODE or MEDIAN
(WTS. NOT USED) 1337 35 7 4

+) Significant increase over - (January 30, 1968)

unit weights - no learning p < 05
Using Sign Test

N

++) p< 01
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HAVERFORD AND VILLANOVA GROUPS
(PREDICTABLE MAN)

(5 GROUPS

Table 2

, 68 TRIALS)

SIMULATION TYPE

LIFFERENCE BETWEEN SIMULATION AND
ACTUAL GROUP PENSION

0 1 TOTAL
MEAN: No Learning 34 28
Unit Weights
Learning 36 25 68
MEAN: No Learning 34 25
. _—
seating Weights | | o 1ing 32 25
MEAN: No Learning 34 28
Interaction WTS Learning 35 o6
MEAN: No Learning 40 23
Wide Cutting
Points Learning 40 21
(Int. WTS)
MCODE OR MEDIAN +) '
(WTS not used) 48 13

+) Significant increase over unit weights -
no learning using sign test p < 05




TOTAL HARVARD,

Table 3

(25 GROUPS, 247 TRIALS)

HAVERFORD AND VILLANOVA GROUPS

SIMULATION TYPE DIFFERENCE BETWEEN SIMULATION AND
: ACTUAL GROUP DECISION
8] 1 2 3 TOTAL
MEAN: No Learning 139 85 21 2 247
Unit Wei
nit Weights Learning 150 | 70 24 3
MEAN:
Seating Weights No Learning 138 17 27 4
Learning 150 64 26 7
MEAN: No Learning 147 T 21 2
Interaction 4eights
Learning 154 68 18 7
MEAN: No Learning 15971 70 14 4
Wide Cutting
Points ' +)
(Int. Weights) Learning 1685 56 15 11
MODE OR MEDIAN |
(Wts. not used) 181+ a8 12 6

+) Significant increase over unit weights -

no learning using sign test

++) p <001

p <05




Table 4

VIENNA GROUPS -
SIMULATION OF GROUP DECISIONS
(6 Groups x 10 Trials = 60 Trials)

DIFFERENCE BETWEEN SIMULATION AND

SIMULATION TYPE ACTUAL GROUP DECISION
0 1 2 TOTAL

MEAN: No Learning 44 16 60
Unit Weights

Learning 41 13
MEAN: No Learning 44 16 .
Seating Weights

Learning 42 17 1
MEAN: No Learning 47 13
Interaction Weights '

Learning 48 11 1
MEAN: | No Learning 47 13
Wide Cutting
Points
(Interaction weights)

Learning 47 12 1
MODE OR MEDIAN 56 4

(Weights not used)




D

- 13 -

With the first model, taking the unweighted mean, 105
trials out of 179 are correctly simulated for the Havard
groups (Table 1), 34 out of 68 for the Haverford-Villanova
groups (Table 2), and 44 out of 60 for the Vienna groups.
Thus more than half of the decisions are accurately

simulated by the simplest model.S)

When the various starting weights are used as part of the
second model, there is no improvement using the seating
weights and only slight improvement using interaction
weights in the Harvard and Vienna groups. However this appa-

6)

rent increase is not statistically significant.

For both American and Austrian groups there is some
increase in the accuracy of the simulation when the
learning routines are added to the unit weights and the
interaction. However the increase over the simplest model

of unit weights and no learning is not significant.

The introduction of the wider cutting points for the

more extreem answers improves the accuracy of the prediction
over model one in all cases although learning only adds to
the accuracy for the American groups. The improvement

for the wider cuttings points, with and without learning,
for the combined American groups is significant at the

.05 level.
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Finally the use of model three, the median, make a
significant improvement for both sets of American groups
at least at the .05 level, and for the combined
American groups at the .01 level. Although there is

an increase of accuracy of the simulation in five of the
six Austrian groups, the probability that this could
happen by chance is more than .05 for a sample of this

size.

For ten of the twelve cases, the shift from'a "no
learning™ to a "learning" model, which is usually
associated with an increase in the accuracy of the
prediction of the actual answer, also results in a greater
number of gross errors (See Tables 1,2 and 4). The most
extreem case of this is found in Table' 3 when the wide
cutting points are used. With no learning there is only
one simulation which differes by three points from the
actual group decision, whereas with learning the number

of errors of this size rises to five. Thus absolute
accuracyv is purchased at the price of greaster relative
error when the simulation is incorrect. This is also

true for the American groups when the simulation under
model three is compared with model one. What is happening
here is that the learning Toutines, the wider cutting
points, or taking *he median rather than the mean, all
have the effect 6f making a somewhat more extreem prediction,
which if it is right, reduces the desérepancy with the
actual group guess to zero, but if it is wrong, increasecs

the number of large errors.
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Summaxy

In a test of three computer models to simulate group
decisions, data were used from 31 American and Austrian
groups on a total of 307 trials. The task for each group

was to predict a series of answers of an unknown subject

on a value-orientation questionnaire after being given a

sample of his typical responses.

The first model which used the mean of the individual opinions

as a simulation of the group judgement simulated exactly
over half of the trials. The simulation was improved in

model two, which also used the mean, when individual

opinions were weighted according to their total participation

in the discussion and "learning" was added. This was
especially true when the cutting points were changed so

that the mean would represent more extreem opinions.

The best simulation occured with model three which used
the median of the individual opinions as the best
simulation of the group decisions. Using this model over

75 per cent of the trials were accurately simulated.
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In earlier versions of models one and two the published
results differed slightly as a result of minor changes in
programming as we used new programming languages and
machines. Although some of the results of the simulations
appeared more orderly in previous tables, they were not

significantly different from the present figures.

Test of significance were made by comparing the increase
in absolute prediction group by group under each condition
using a sign test (Siegel 1956, Table D). If an increase in
simulation was observed it was scored as plus, if there
was no increase, scored as zero, and a decrease scored

as minus. The probability of the number of minuses given
the total number of groups in which a change was observed
was noted in Table D. As a further test the correlations
between the simulated and actual group guesses were
computed for each group and the average correlations
compared, after using the z' transformation. The results

were similar (See Appendix)
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Appendix

Test of simulations via correlation coefficients

For each group the product-moment correlation between

simulated and actual group decisions was computed. Then

the r's were transformed according to the z-transfor-

mation and the homogeneity of the coefficients tested.

After that, mean correlations were calculated. The

following table shows the mean correlations for the

various samples of groups under the four simulations.

The coefficients derived from heterogeneous samples are

put in brackets (they are not strictly statistically

legitimate)

Mean correlations between simulated and actual group-

decision

Simulations

Origin of groups Unit Interaction| Wider
Weights | Weights Limits Median

NL L L

20 Harvard groups 0,949 0,949 0,937 0,967
3 Villanova gps. (0,94) 0,88 (0,903) (0,954)
2 Haverford gps. 0,932 0,90 0,908 0,933
6 IHS grps. (0,92) (0,928) 0,902 {0,978)
Total (0,941)} (0,933) 0,924 0,965
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For the twenty Harvard groups the difference between all
other simulations and the median is significant at the
.05-1level {xi = 4,014, df=1). For the total groups the
difference’between the "Wide limits-L" and the Median

is significant at far beyond the .001-level 5&3 = 23,4
df = 1).




